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s ~ ABSTRACT _
A detector (42) is provided for testing a string of.lamps
- (12) that are connected to a wire (14) in a series configu-
" ration. The detector (42) has a probe (44) disposed on
- the end thereof with a cavity (56) formed therein. The
~cavity (56) is operable to be disposed around the socket
 (30) of lamp (12). The electrodes (34) and (36) disposed
‘in the interior of the socket (30) are disposed parallel to
. two electrodes (60) and (62) that are embedded in the
~ probe (44). A detector circuit is provided for detecting
 the presence of an AC signal capacitively coupled from

one of the electrodes (34) and (36) to one of the capaci-

tive plates (60) and (62);|_reSpéctivle_ly. A large DC signal
will be present for a defective bulb having at least one of

the electrodes (34) or (36) connected to one side of an - -
AC supply (18). : B

6 Claims, 2 Drawing Sheets
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FAULTY LA\flP TESTER

TECHNICAL FIELD OF THE INVENTION

" The present invention pertalns In general to lamp
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testers, and more partlcular]y, to a lamp tester for de-

h '_ tecting the location of a faulty lamp in a string of Chris- -

- tmas tree or festive lights.

BACKGROUND OF THE INVENTION

Chrrstmas or festive hghts are typlcally orgamzed as

 astring of sockets and cooperatmg hghts, which lights
- are electrically connected in a series configuration.
~ Therefore, when one lamp is faulty, the entire string

- fails- _to_ light. It is necessary therefore to locate the one
faulty lamp and replace it. If there is more than one

10

faulty lamp, it is necessary 10 locate multiple lamps. -'

Typically, this requires extracting each lamp and insert-

‘ing a known good lamp therefor. For a string havmg |

' _;upward of ﬁfty lamps this can be time consummg

SUMMARY OF THE INVENTION

~string of lights. Each of the hghts has associated there-
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5 |

25
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DETAILED DESCRIPTION OF THE
~ INVENTION

Referrmg now to FIG. 1, there is lllustrated a dia-

grammanc view of a lamp string 10. ‘The lamp string 10 -

1S comprlsed of a plurality of lamps 12 that are dlsposed
In a series relatlonshlp along a wire 14. The wire 14 is.

configured in a loop conﬁguratlon and connects to an
AC plug 16. The AC plug 16 is interfaced with an AC
source 18 having a ground side represented by a ground
symbol and the other side constituting the high side of

 the AC supply 18. The lamps 12 are typically disposed
-a predetermined distance apart, and there may be as
many as fifty lamps 12 diSposed in a string. Since the

15 lamps 12 are dlsposed In series, the defective one of the

lamps 12 will result in an open circuit in the string.
 Referring now to FIG. 2, there is illustrated an elec-

trical schematic of the lamp string 10 of FIG. 1. Each of

~ the lamps 12 1s represented by a resistor 20. The resis-

V- tors 20 are disposed in series in the wire 14 and con-.
‘nected to the other side of the AC source 18. When the
full voltage of the AC supply 18 is disposed across the

~ string of resistors 20, each of the resistors 20 will have

The invention present disclosed and claimed herein

- comprises an apparatus for testing for faulty hights in a

a voltage drop across the two terminals thereof. If, for

‘example, there were fifty lamps 121n the string 10, each

-~ of the resistors 20 would have one-fiftieth of the voltage

with a light socket with at least first and second -

contact the electrodes on either side of a light bulb. The

- contacts disposed therein. The contacts are operable to
30

first and second contacts are dlsposed in a substantially

parallel relatlonsmp and spaced a predetermined dis-
 tance apart. The socket is operable to support the light -

~ bulb. A first capacitive plate and a second capacitive

‘plate are provided: A support supports both the first

and second capacitive plates in a substantially parallel |

_relatlonshrp and spaced a distance apart that is greater

~than the: distance between the first and second contacts.

A support is prowded for the first and second plates and
‘having a cavity formed therebetween for receiving the

35
~source 18 will have the full voltage of the AC source 18

socket and disposing the first and second plates proxi-
‘mate to the first and second contacts and substantially
~aligned therewith. A detector circuit detects a voltage

~ difference between the first and second capacitor plates
- and activates a display device, mdlcatlng the presence

' | - of the voltage The presence of the voltage indicates an
o -open c1rcu1t | 8 |

BRIEF DESCRIPTION OF THE DRAWINGS

For a more. complete understanding of the present
) 'mvennon and the advantages thereof, reference is now
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“of the AC source 10 imposed across the resistor 20. If,
“however, one of the resistors 20 were to open circuit,

there would be no voltage dmp across any, of the resis-

tors 20.

In the electrical dlagram of FIG. 2 one of the resis-

“tors is illustrated as being open circuited, this resistor
.. 111ustrated as element 20’. The side of the resistor ele-

ment 25 that is connected to the high side of the AC '

disposed on that side and the other side thereof will be

disposed. at the low side or ground side of the AC

source 18. This is due to the fact that no current flows

through any of the resistors 20 that are not open cir-
cuited. This assumes that none of the other resistors 20
“are open circuited. If a voltmeter were utilized in the
electrical schematic of FIG. 2 with the element 20" -

being present as an open circuit, the voltmeter when’

‘attached to any point along the wire 14 on the high side
‘of element 20’ would register the full voltage of the AC.
source 18 relative to the low side thereof, However, if

the voltage probe were dlSpOSEd on the low side of the

element 20', there would be no voltage present relative -

to the low side.
Referrmg now to FIG 3 there s 1llustrated a de-

 tailed view of the light 12 and the resistor string in the

:made to the following description taken in con_]unctlon -

| w1th the accompanying Drawmgs in which:

o tlonal hght strlng and its connecnon thereto w1th an AC
source; | | | |

FIG. 2 111ustrates an electrlcal schematlc of 2 11ght ._

| -"strmg with a break in one of the lights;

~ FIG.3 lllustrates a perspectwe view of a t)’plcal llght'
socket; - |
- FIG. 4 111ustrates a perspective v1ew v of the detector :

" and support mechanism of the present invention;

~ FIG.S§ illustrates._a cross sectional view of the support

mechanism for the capacitive coupling plates; and .
- FIG. 61llustrates a detalled schematlc dlagram of the
o detector c1rcu1t | |
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- the interior of the bulb 32 as one of the electrodes. The

"FIG. 1 illustrates a layout schematic for a conven- 2>

wire 14. In typical Christmas tree lights which are mar-
keted under the name ‘“‘Miniature nghts there is a
socket 30 that is operable to receive a bulb 32. The

~socket 30 has disposed therein two electrodes 34 and 36
- (not shown). The electrodes 34 and 36 are each con-
_nected to the wire 14 such that the wire 14 is essentrally_ L
‘open circuited between the two electrodes 34 and 36.

The electrodes 34 and 36 are formed on the interior of

‘the socket 30 and disposed a predetermined distance
- apart and in a substantially parallel relationship. The

bulb 32 has a small wire 38 extending up one side and

| :'another wire (not shown) dlsposed up the diametrically -

opposite side thereof. The wire 38 communicates with

 wire 38 is wrapped up around the side extending from

“the bottom of the bulb 32 and upward such that it will
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contact the interior side of the electrode 34 when the
bulb 32 1s disposed in the socket 30.

Whenever one of the lamps 12 has a failure associated
therewith, due to the bulb 32 failing, an open circuit
results. However, the only way in the past to have
determined the presence of the faulty bulb 32 was to
sequentially replace each of the bulbs 32. This of course
was very time consuming. However, the presence of
the open circuit results in one side being effectively

connected to the low side of the AC source 18 and the 10

other side thereof being connected to the high side of
the AC source 18. Therefore, there is a relatively high
voltage disposed across the two terminals of the faulty
bulb 32. If one were to utilize a voltmeter across the two
electrodes 34 and 36, this voltage could be measured.
However, this also would be very time consuming.

Referring now to FIG. 4, there is illustrated a planar
view of a detection device 42 that operates in accor-
~dance with the present invention. The detection device
42 1s battery operated and is opefable to be disposed
adjacent each of the bulbs. A probe 44 is disposed on the
end of the detector 42, which probe 44 is operable to be
inserted around the socket 30 of the lamp 12. An indica-
tor 46, such as a light emitting diode “LED” is pro-
vided, which when illuminated indicates the presence of
a faulty lamp 12.

In operation, the detector 42 would have the probe 44
sequentially moved from one lamp 12 to the next, start-
ing at the AC plug 16. When a lamp is found that causes
an LED 46 to illuminate, this bulb is replaced. This is
continued until the last bulb in the string has been
tested. In this manner, multiple faulty bulbs can be
tested for, 1t being realized that there must be a voltage
on at least one side of the lamp 12, which will be present
if the detector 42 is utilized to sequentially test the
lamps 12 from the AC plug 16 out to the end of the
string.

Referring now FIG. 5, there is illustrated a cross
sectional diagram of the socket 30, illustrating the elec-
trodes 34 and 36. The electrodes 34 and 36 are disposed
in a cavity 48. The cavity 48 is rectangular in shape and
conforms to the shape of the base of the bulb 32. This is
a very conventional shaped element. The probe 44 is
comprised of two protrusions 50 and 52 which extend
outward from the detector 42 and are joined together
by a bridging portion 54. The bridging portion 54 and
the two protrusions 50 and 52 extending outward there-
from form a cavity 56 therein. The cavity 56 has the
protrusions 50 and 52 disposed relative thereto in a
substantially parallel relationship. The protrusions 50
and 52 on the interior of the cavity 56 are disposed a
distance apart that 1s substantially equal to the diameter
of the socket 30 when inserted into the cavity 56 such
that the electrodes 34 and 36 are in a substantially paral-
lel relationship to the protrusions 50 and 52.

A capacitive plate 60 is disposed in the protrusion 52
proximate to the interior surface thereof adjacent to
cavity 56. In a similar manner, a capacitive plate 62 is
disposed 1n the protrusion 50 in a substantially parallel
relationship with the interior surface thereof adjacent
the cavity 36. The capacitive plates 60 and 62 are sub-
stantially parallel to each other and substantially per-
pendicular to the bridging portion 54. Each of the ca-
pacitive plates 60 and 62 has wires 64 and 66 associated
therewith and extending into the detector 42. The
bridging portions 30 and 52 are typically fabricated
from molded plastic with the plate 60 and 62 embedded
therein. When the socket 30 is disposed in the cavity 56,
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the capacitive plates 60 and 62 are substantially perpen-
dicular to the electrodes 34 and 36, respectively. If the
socket 30 were rotated at a 90° angle, the detector 42
would not work, as will be described hereinbelow.

Referring now to FIG. 6, there is illustrated a sche-
matic diagram of the detector 42. The wire 64 from the
capacitive plate 60 is connected to the positive input of
an operational amplifier (OP AMP) 70. The negative
input thereof is connected to the output thereof to form
a voltage follower. In a similar manner, the wire 66
associated with the capacitive plate 62 is connected to
the positive input of an Op Amp 72, the negative input
thereof connected to the output in a voltage follower
configuration. Since the coupling provided by the ca-
pacitive plates 60 and 62 is a very small capacitance on
the order of a fraction of a picoFarad. A very high input
impedance is required on the positive input of the Op
Amps 70 and 72. In the preferred embodiment, the Op
Amps 70 and 72 utilize Part No. CA3140T, manufac-
tured by RCA Corporation, which are BiIMOS opera-
tional amplifiers. A description of the operation of these
voltage follower circuits can be found in Faulkenberry,
“An Introduction to Operational Amplifiers with Lin-
ear 1C Applications,” John Wiley & Sons, 1982 (pp.
7-8).

A resistor 74 is connected between a positive input of
the Op Amp 70 and a node 76. A resistor 78 is con-
nected between the positive input of the Op Amp 72
and the node 76. The node 76 provides a reference
voltage V,.r. The resistors 74 and 78 provide a high
impedance DC return to the voltage on node 76.

The output of Op Amp 70 is connected to the positive
input of an Op Amp 70 through a series resistor 82. In a
similar manner, the output of Op Amp 72 is connected
to the negative input of Op Amp through a series resis-
tor 84, The Op Amp 80 is configured as a differential
amplifier with a feedback resistor 86 connected between
the negative input thereof and the output. This is a
conventional circuit.

A battery 88 is provided having a ground terminal
and a positive terminal. The positive terminal is con-
nected to one side of a switch 90, the other side thereof
connected to a power supply node 92. The power sup-
ply node 92 provides the power supply voltage to all the
Op Amps 70, 72, and 80, in addition to the remainder of
the circuitry. The voltage node 92 is capacitively fil-
tered with a capacitor 94 connected between node 92
and ground. A resistor 96 is provided in series with the
node 92 and the node 76. A resistor 98 is connected
between the node 76 and ground, the resistor 96 and the
resistor 98 providing a voltage divider. A bypass capac-
itor 100 1s provided which is disposed between node 76
and ground for purposes of high frequency rejection. A
series resistor 102 is connected between the positive
input of Op Amp 80 and node 76. The resistors 96 and
102 operate to provide the voltage reference V ,.rat the
node 76.

A diode 106 has the cathode thereof connected to a
node 108 and the anode thereof connected to the output
of the Op Amp 80. Node 108 is connected to the posi-
tive side of a capacitor 110, the negative side of the
capacitor 110 connected to ground. Node 108 is also
connected to the base of an NPN bipolar transistor 112,
the emitter of which is connected to the cathode of a
light emitting diode (LED) 114 and the anode of which
1s connected to one side of a resistor 116. The other end
of the cathode of LED 114 is connected to ground and
the other end of resistor 116 is connected to the power



" to node 108 for the transistor 112.

" the OP AMP 80, the diode 106 conducts and dlscharges. |

sistor 112. This results in turmng the LED 114 off.

- Op Amp 80.

L 'posmve and negative inputs of the differential amplifier.

 tated by testing the sockets 30 most proximate to the
~ plug 16, and then sequentially testing each of the sock-

~ present and one side of the defective bulb were con-
- nected to the low side of the AC source 18 and the other -
| side were connected to another defective bulb, this 5_5'

'- 'supply voltage on. node 92 A series resistor 120 is con- -

. nected between the posrtwe supply voltage on node 92

and the node 108, resistor 120 provrdtng a bias current

~ The diode 106 is operable to rectify the output of 5
- arnphfier 80 and apply it to a filter consisting of capaci-
~ tor 110 and the resistor 120. The resistor 120 also btases |

. ‘The resistor 116 provides a current limiting operation to -
‘the current through the LED 114 to about 20 milliam- 10
peres. When an AC voltage is present at the output of

- capacitor 110, thus remowng base drive from the tran-

.Therefore, whenever there is an.AC voltage on either 17
the capacltwe plate 60 or capacitive 62, this would

- result in an AC differential ‘voltage being developed
~across the positive and negative inputs of the OP AMP

80, thus resultlng In an AC voltage on the output of the =

._ In operatton the capacttwe plates 60 and 62 are ori- -
~ented such that they are parallel and drsposed as close as

- -poss:ble to the electrodes 34 and 36 in the socket 30. It . |
1S important. that ‘they are parallel and disposed more __
~ proximate to one of the electrodes 34 and 36 than the

other. In this manner, there will not be any cross cou-

pling, such as the electrode 34 being capacitively cou-
- pled to both of the probes of the capacitive plates 60 and

62 with an equal capacitance. It is desirable to have .

30
more capac1t1ve couphng from, for exarnple, electrode |

34 to probe 60. | |
To facilitate couplmg of one of the electrodes 34 or
;-36 to one of the capacitive plates 60 or 62, it is necessary
“to orient the socket 30 such that the electrodes 34 and 36 15
‘are in a parallel relationship with the capacitive plates
60 and 62. Once this is facilitated, one of the capacitive
plates 60 and 62 that receives an alternating voltage

. coupled thereto that is either at a phase or higher than '

~that COUpled to the other capacitive plates 60 and 62
~will result in the voltage being impressed across the

In order to facilitate testing, it is necessary to have at

~ least one of the electrodes 34 and 36 connected to one
45

“side of the AC supply 18. Therefore, testing is facili-

-ets 30 outward from the plug 16. In this manner, even
- with mu1t1ple defective bulbs 32, an open circuit can be
- detected since this open circuit will result in the voltage s
“that is capacitively coupled to either the probe 60 and
‘62 being different. For example, if multiple bulbs were

~ would result in no Voltage being present on one side of
~ the socket 30 and the low side of AC source 18 being
~disposed on the other side. This would be detected by
the detector of the present invention, since the one side

 In summary, there has been provided a detector for
o detectlng the presence of a defective lamp in a string of
lamps disposed in a series configuration, typically uti-
‘lized as Christmas tree lights. The detector has two

capacitive probes that are operable to be disposed on 65 .

~ either side of the socket for the lamp. The probes are
~ oriented such that they are parallel to the electrodes of

the SOCkEt _Whl_Ch fQ_I‘ a d_efectwe bulb, will result ina =

5 047 721
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| ':voltage belng chsposed across the socket This voltage 1S.

detected to turn off an LED. - N
Although the preferred embodiment has been de- -

. scrtbed in detail, it should be understood that various

changes, substitutions and alterations can be made

therein without departing from the spirit and scope of

o - the invention as deﬁned by the appended cla1ms
~ the transistor 112, described above, in the “on” state.

What 1s claimed is:

1. An apparatus for testing for faulty ltghts in a string
of lights, each light having a light socket with at least

_first and second contacts provided therein, the first and
- second contacts being disposed substantially parallel -
. and spaced a predetermined distance apart and operable
‘to place an AC signal across the electrodes of a light

bulb. which is supported in the socket, the apparatus_ |

g 'comprlsmg

- a first capacrtwe plate;
a second capacitive plate; |
a support member for supporting said first and second' B
- capacitive plates in a substantially parallel relation-
~ ship and at a distance greater than that between the
- first and second contacts, said support having a
- cavity formed between said first and second capac-
 itive plates for receiving the socket; and |
‘a detector circuit for detectlng a voltage difference
 between said first and second capacitive plates.
2. The apparatus of c1a1rn 1 wherein said detector
circuit comprises: S
amplifying circuitry for amphfytng with ﬁI‘St and
second amplifiers the signal received by said first
‘capacitive plate ancl said second capaclttve plate,
respectively; -

a difterential amplifier for recewmg on first and sec-
ond inputs the outputs of said first and second am-
plifiers, respectively; |

a detector for detecting the presence of a s1gnal on_
the output of said differential amplifier; and

- display means for outputting an 1nd1catlon that a

- signal has been detected. |

3. The apparatus of claim 2 whereln satd dlSplay com-

- prises a light emitting diode.

4. The apparatus of claim 3 wheretn said ltght emit-

ting diode 1s 1llum1nated in the absence of a detected '

signal.

and spaced a predetermined distance apart and operable

‘to place an AC signal across the electrodes of a light

bulb which i1s supported in the socket comprrstng the -

| 'steps of:

providing a first capacrtwe plate;
providing a second capacitive plate o
- .providing a cavity between the first and second ca-

- pacitive plates and sized sllghtly larger than the |
socket; |

- supporting the ﬁrst and second capacitive plates ina
is “floating”™ and, therefore, not connected to a voltage. 60

~ substantially parallel relationship and at a distance |
greater than that between the first and second
contacts and within the cavity;

- placmg the socket in the cavity such that the ﬁrst and
~ second contacts are disposed substantially proxi- -

‘mate to the first and second capacuwe plates, re-

 spectively; and | .

detecting a voltage difference between the first and o

- second capacitive plates.

5. A method for testrng for faulty lights in a strmg of
.llg_hts each light having a light socket with at least first
and second contacts provided therein, the first and
second contacts being disposed substantially parallel
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7 . 8
6. The method of claim 5§ wherein the step of detect- second amplifiers, respectively and outputting a
ing the voltage difference between the first and second differentially amplified signal;
capacitive plates comprises the steps of: detecting the presence of the differentially amplified
amplifying with first and second amplifiers the signals signal; and
received by the first capacitive plate and the sec- 5 displaying an indication that the signal has been de-
ond capacitive plate, respectively; tected.
differentially amplifying the outputs of the first and * X ox %
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